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Abstract
We report the observation of calorons with nontrivial holonomy and fractional topo-
logical charge objects in cooled lattice samples derived from SU(2) equilibrium ensembles
at T < Tc.
Characteristic features of QCD are related to the existence of lumps of topological charge in
the vacuum. Usually, they are described as instantons or, at T 6= 0, calorons [1] and considered
to be the agents of chiral symmetry breaking. Recently, this view has been questioned from
different sides. At first, an old companion of instantons, the meron picture (see e.g. [2]) has
been revived. One motivation is to deduce confinement from the dissociation of instantons into
constituents. The semiclassical picture of instantons has been totally challenged by Horvath
et al. [3]. Van Baal et al. [4] have stressed the existence of more general instanton solutions at
T 6= 0, distinguished by nontrivial holonomy boundary conditions. A semiclassical approach
to deal with this situation has been outlined for four dimensional N = 1 supersymmetric
gluodynamics [5].
The present talk reports on recent lattice evidence [6] for the existence of dyonic lumps
in the confinement phase. They are expected to be constituents of the new caloron solutions
and show the required color correlations. The new (KvB) caloron [4] is a finite-temperature
(periodic) solution of the Euclidean field equations. It is selfdual with topological charge Q =
±1. The holonomy at asymptotics is not restricted to trivial values, P = exp
(
i
∫ 1/T
0 A4dx4
)
→
P
∞
/∈Z(Nc). Depending on P∞, part of the parameter space corresponds to solutions with
action (and topological charge) concentrated in Nc well-separated static constituents. One of
the constituents is carrying the fermion zero eigenmode required to exist for a Q = ±1 object
according to the Atiyah-Singer index theorem.
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Monte Carlo configurations taken from confined and unconfined ensembles, respectively,
have been ”cooled” (by gradual minimization of action). We wanted to show [6] that nearly
classical configurations of KvB type really pop up as background fields starting from the con-
finement phase. In fact, this happens at temperature close to Tc. In contrast, the deconfined
phase does not support topologically nontrivial background fields. Monitoring the relaxation
dA
dτ
∼ − ∂S
∂A
, cooling was stopped triggered by the gradient becoming minimal within some win-
dow of action, and snapshots of configurations were taken. On plateaux at moderate multiples
of Sinst = 2π
2, the multi-lump structure is still comprehensible and can be analysed as de-
scribed in the following. Figs. 1 - 3 show different portraits of the same selfdual dyon-dyon
pair obtained by cooling under periodic gluonic boundary conditions with S ≈ 2π2. Almost
static dyons are localizable by peaks of the topological density q(x) > 0 and the Polyakov loop
L(~x) ≈ ±1.
A complementary view is given by the spectrum of the (non-Hermitean) Wilson fermion
Dirac operator. Real eigenvalues refer to a fermionic zero mode which, depending on periodic
(p.b.c.) or antiperiodic (a.b.c.) fermion boundary conditions in time, is localized at one or the
other constituent. Cooled configurations like this can be well fitted by the shape functions of
analytic KvB solutions. Nonstatic Q = 1 caloron configurations can also be classified according
to the KvB solutions. Unexpectedly, also dyon-antidyon pairs (with opposite topological charge
but same sign Polyakov loop) have been detected in the same window of action and found to be
almost stable. In this case a pair of almost-real modes exists, similar to those of an instanton-
antiinstanton pair. The saddle point configurations in higher windows of action (and their
cascade decay under cooling) can be interpreted in terms of such dyonic constituents.
Further details can be found in Ref.[6]. Corroborating the point of view dealt with here,
fermionic results concerning uncooled configurations of SU(3) gluodynamics have been re-
ported [7, 8] after the conference.
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Figure 1: Topological density q(x) (left) and Polyakov loop L(~x) (right) of a dyon-dyon pair
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Figure 2: Lowest fermionic eigenvalues for periodic (left) and antiperiodic (right) boundary
conditions in Euclidean time
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Figure 3: Localized fermionic zero mode, for periodic (left) and antiperiodic (right) boundary
conditions in Euclidean time
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